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to determine if the use of dispersants in the nearshore environment would -
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ABSTRACT

Two oi |l discharge systenms were designed, constructed and operated as
part of th'e 1981 Baffin Island O Spill Project. A dispersant / oil dis-
charge system conbi ned Lagonedio Crude and Corexit 9527 in al10:1 mx
with seawater at a 5:1 water to oil volume ratio, and discharged the
resulting enulsion through 100 m of perforated pipe laid on the seabed
perpendi cular to shore in test Bay 9 of Ragged Channel, Cape Hatt,

N.w. T. The mxture entered the water colum through 39 orifices 6 mm
in dianeter and was allowed to sweep over the biological test area with
natural currents. The report describes the design objectives, system
conponents and field operation of both the diffuser (dispersed oil)

system and the spill plate used for the surface oil spill in Bay 11.

Both oi|l discharge systems acconplished their design objectives resulting
in two successful oil spills at Cape Hatt on August 19 and 27, 1981
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1.0 INTRODUCTION AND OBJECTIVES

In preparation for the 1981 oil discharges at Cape Hat t a design study
was initiated in March of that year, to ensure an operational discharge
system for testing in the south by June, and sub sequent depl oynent on
Baffin Island in August/ Septenber

The principal design objective was to produce sinple easil y transportable
conponents that would distribute the oil in a controlled fashion in a
uni form and correct concentration throughout the test areas. Prelim-
nary oil dispersant discharge concept devel opnent had been undertaken
at the University of Toronto with |aboratory neasurenents of realistic
di spersed oil droplet size distributions (MacKay, 1981). In addition, a
series of iterative calculations had been conpleted involving cliff erent
flow rates, viscosity, discharge pipe subnergence, pipe dianeter and
orifice size and spacing (Thornton, 1981 ). Starting with these theoreti-
cal predictions a working dispersant discharge system was devel oped
using light weight alumnumirrigation pipes in 6 mlengths joined by
vietaulic coupl i ngs. To provide for uniformexit flow along the entire
pipe length (wthin 10% it was decided at an early stage to nmbine the
oil/ dis persant fromthe tank with seawater at about a 1:5 ratio. In this
manner the viscosity of the resulting emul sion would be relatively
insensitive to unpredictable changes in oil viscosity. Wth the |arger
total flow rate an alnost uniform jet discharge could be guaranteed over
the range of pipe slope and submergence expected in the field (1:5 to
1:10, 10 to 20 m).

The problems involved in obtaining a device to discharge the straight
crude oil on the water surface were relatively mnor. Mdification of a
commercially available foam filled cartire float to accept a hose con-
nection at the bottom provided a |ow cost solution to this part of the
proj ect.

System design criteria were as follows:



Neat O Spill Device

all

Device to provide a snooth gentle flow of oil directly onto the
water surface to mnimze entrainment of oil droplets in the
water colum. This "spill plate” to float in a relatively stable
upright position during discharge .

“Spill plate” position to be noved across the test area by snall
boat and tether line in order to coat beach uniformy according
to prevailing winds at the tine.

Di spersant Di scharge System

Required to evenly distribute oil and dispersant al ong 100 m of
pipe in water depths to 20 m

Pipe to be positioned on an anchor buoy tether about 1 m off
the bottom (adjustable).

Nurmber of orifices should nunber 50-70 and be spaced so as to
conpensate for changes in water depth, i.e. , effectively an
equal |eakage rat e per volume of water.

Sufficient pipe mat erial, connectors, etc. to either change
entry point frompipe end to centre (pipe orientation from
perpendicular to parallel to the shoreline) or to construct a
conpl ete new systemif first lost or deficient.

Desired pressure drop across each jet in the perforated pipe
was in the range 9 to 15 kPa considered to produce a nedian
drop size of about 5-10 um (MacKay, 1981). Uniformity of jet
flow along the pipe was to be within 10% of the mean design
value, The concept depended on being able to create a cloud
of dispersed oil particles whose size distribution would closely
approximate e that thought to result fromthe application of

dispersant tO oil on the sea surface.



Flow neters to be installed to allow continuous nonitoring and
adj ustnent of sea water and oil flow rates.

Al'l equipment to be capable of air transport to the site in the
event that the sealift was delayed or cancelled.

O 1/ D spersant Storage and Supply

Two portable storage tanks capable of holding 15 niof crude
oil plus 1.5 nB dispersant for at least one nmonth w thout
deterioration of the liner or release of plasticizers into the
ol . Covered to prevent excessive weathering and keep out
wat er .

Filter on suction line to prevent grossinpurities from clogging
di scharge orifices.

Sufficient |ow tenperature oil discharge hose to cover 200 m
run (5 cm diameter). Al joints pressure tested to 551 kPa.

Two outlet /flow control bypass /mixing return |ine packages to
allow full recirculation of the tank contents.

Two seawater suction punps capable of 220 % /rein at up to
35 mof head (one spare).

Two oil punps to provide up to 45¢% /rein flow for 6 hours with
pressure release safety valve.

2.0 SYSTEM DESIGN

Swan Wboster Engineering of Vancouver was provided with all prelimnary

conceptual designs and calculations and asked to select actual conponents
for purchase. They checked flow conditions and sized punps to cope



with predicted operating cumulative head |osses through all joints,
valves, flow meters and hoses. The Appendix shows their design checks
together with predicted flow variation along the pipe under different
conditions of oil viscosity and water depth.  Maxi mum worst case devia-
tion fromaverage jet flowwas 11. 6%in the deepest ten jets only. Flow
along the rest of the pipe was constant within 5%

Taking into account elevation, friction, orifice and seawater head |osses
the centrifugal seawater punp was selected to supply 220 Q /rein at a 55
psi, the positive displacement oil punp, 45 & /rein at 36 psi (50 psi
specified to allow for significant cliff erences in oil viscosity). Act ual
emul sion viscosities were derived fromtests conducted at the University
of Toronto in April 1981. Results showed a variation from2.1 cP for
salt water to 3.2 c¢P for a 1:10 enulsion at 5°C.  Straight oil viscosity
measured at 0° C in an Ostwald Viscometer was 440 to 460 c¢P with no
noticeable wax deposition,

Figure 1 shows a flow diagram of the final oil/ dispersant system design.
Plates 1 through 5 show conponents of the system including sw mmng
pool (tank), punps and piping and the al um num sparger prior to deploy-
nment off shore (see Section 3. O. Plate 6 shows the oil spill plate
devel oped from a standard dock float.
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Plates1 and 2

Final assenbly of the 17 m3 capacity swi mming pool Wth special
oil liner being installed inside standard vinyl liner (Shelter
Rite XR-5 fabricated by Ancient Mariner, Vancouver).




Plate 3

Plate 4

Oil Punp (Roto King) with inlet from tank (black hose) return
circulation loop (to right - green valve) and main oil discharge
through orifice flow neter (Annubar/Dover) to join seawater

flow - bel ow

Water Punp (Jacuzzi) showi ng seawater intake |ine punping
from5 mdepth offshore, water flow neter (long pipe section)
and T junction where oil mxed with the seawater (left end of

pi pe).



Plate 5 Dryland test of discharge systemto denonstrate uniformjet
fl ow and check connecti ons.

Plate 6 0il Spill Plate showing anchor to danp out nmotions of the float in
waves, pipe with screw connection for discharge hose |eading
fromthe tank.



3.0 DEPLOYMENT

The diffuser systemwas first deployed and operated in a dye test
conducted on June 11, 1981 at Cordova Spit near Victoria, B.C.  This
site was chosen for its simlar bottom slope (1. 5) and currents to those
expected at Cape Hatt (6-8 cm/sec vs 5-10 cnisee). To nore closely
simul ate the actual density of the oil/seawater mx to be punped during
the oil spill, the 15,200 & tank at Cordova Spit was filled with fresh
water.  Four litres of Rhodamine B dye were added to this water prior
to punping out 12,700 ¢ over a 50 mnute period. A full description of
the results fromthe southern trial is contained within a report by
Seakem Cceanography Ltd. (Geen, July 16, 1981).

The diffuser pipe itself was suspended 1 m above the ocean bottom by
standard 20 kg subnerged buoys pulling against 50 kg steel anchors
positioned every 6 malong the 100 m pipe. Figure 2 shows the mooring
system used at Cordova Spit and the initial |ocation tested at Cape
Hatt.  The final deploynent of the diffuser in Bay 9 elimnated the
mooring in order to place the pipe directly on the bottom Plate 7 shows
t he anchors bei ng depl oyed al ong the pipe froma sea truck in June
1981. At Cape Hatt a helicopter was successfully used to deploy the

anchors with lines and marker floats attached. Final rigging of the
systeminvolved letting the pipe flood and sink to the bottom under its
own weight with all lines slack, pulling the pipe into a specified

di stance fromthe anchor using a line fromthe surface through a one
way cleat adapted from a conventional sailboat fitting, and finally pulling
the buoys beneath the water surface with a simlar cleat arrangenment.
The end result was a pipe floating a set distance above the bottom The
system al lowed any angle of jets by sinply rotating the pipe relative to
t he victaulic couplings during assenbly on the beach.
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Plate 7 Anchor deployment along t he floating diffuser pipe
Cordova Spit, June 1981.

The mooring system was designed to operate without diver assistance if
necessary. In practice the presence of divers was invaluable and made
t he entire operati on nuch easier. Plate 8 shows divers at Cape Hatt
making final adj ustnents to the pi pe in shallow water.

Design changes resulting fromthe southern field trial were limted to
smal | itens such as clips and brackets. The maj or benefit of the
Cordova Spit test was that it confirnmed the basic soundness of the
system and proved that the diffuser could be successfully deployed,
even in a severe wind condition. An unintended result was the idea of
directing the jets into the prevailing current to encourage m xing
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Plate 8 Divers at Bay 9, C. Hatt, making final adj ustnments to pipe in
shal | ow water.

First depl oynment took place on August 13 at the north end of Bay 9

(Figure 3). Depth at the seaward end was 16 m. A seawater suction
hose was installed in about 4 m of water (floated clear of the bottomto
prevent sucking debris into the pump) . The oil/dye hose entered the

di ffuser pipe fromthe seaward end. This feature was incorporated at
an early stage in the design so that the cunul ative internal fluid friction
losses along the pipe would be effectively ecancelled by the natural head
gain between deep and shallow ends.

Fifty holes were drilled in the pipe (0.6 cmdia.) with spacings gradu-
ally increasing from 1.1 m in deep water to 6 m nearshore (see

Appendi x) .
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The first dye test using the diffuser in Bay 9, took place on August 16

with the jets pointed north and angled down at 45° to encourage contact
with the sediments. Results from this test were disappointing in that
there was a very slow uneven flow to the south and a rapid transfer of
nearshore dye north into Bay 10. Ongoing work by the oceanographic
group (Reiner, deLange Boom Buckley) had by this date concluded that
the probability of achieving sustained southerly flow through Bay 9 was
extremely |ow (see Reiner, 1982). In spite of the difficulties with
terrain for the pool site and |onger hose |lengths required, a decision
was made to relocate the entire discharge systemto the south end of
Bay 9.

Plate 9 shows the pool at the final |ocation prior to installing the il
l'iner. The diffuser is laid out along the beach with floats to assist
moving the pipe into position. In order to save tine and guarantee
contact between the dispersed oil plunes and the sedinents the pipe was
laid directly on the bottom and snugged up to anchors by divers. Short
| engths of rebar were attached to each joint to prevent the pipe from
rolling with current or wave action nearshore. Plate 10 shows the dif-
fuser pipe in final position just prior to being sunk

The shore end was about 22 m south of the nost southerly biologica
transect marker. The seaward end was in 16 mof water close to the

transect line (Figure 3). Shoreline topography dictated the pool site
and neant that sone 150 m of discharge hose had to be used to reach
the diffuser pipe end. A further 60 m of spare pipe sections (not

drilled ) were used to make up a water suction line with an intake at 5 m
depth. This was done to ensure equality between the tenperature of the
discharge flow and water at the diffuser pipe level. Figure 3 shows the
general arrangement of pipes and hoses. Plate 11 is an aerial view
| ooking north in Bay 9 show ng the pool, water suction line |eading out
to the "Baffin Queen” nmooring, and diffuser pipe crossing the distinct
coastal shelf before dropping out of sight into deeper water
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Plate 9 Pool in final location at south end of Bay 9. Di ffuser pipe
connected on beach ready for depl oynent.

Plate 10 Diffuser pipe floating 100 m of fshore during depl oynent.
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Plate 11 Aerial view looking north in Bay 9. Note the diffuser pipe
and water suction line visible under water.

Two dye tests were conducted on August 22 and 25 with the diffuser in
the new location. Results were satisfactory y, with the dye contacting the
bott om sedi ments throughout the biclog ical test areas. Dye fromthe 11
jets in shallow water less than 2 m, noved once again in the opposite
direction to deep water flow. As a result of these dye tests, it was
decided to use the diffuser pipe wthout further adjustnent to position,
but with the nearshore jets plugged.

Plate 12 shows Bay 9 on the day of the dispersed oil experinent with the
covered tank full of oil, and stockpiled enpty drums off to one side e
The pool was filled on August 26 (75 druns). Dispersant (7.5 drums)
was added about 1/3 of the way through the |oading. ©il and disper-
sant in the tank were passed through a recirculation |oop for four hours
on August 26 (2000-2400) and again for two hours on the norning of the
test day (0830-1230). Circulation ceased forty mnutes before discharge
punping started.
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Plate 12 Ceneral view of Bay 9 show ng oil filled pool and stockpiled
drums.

Table 1 contains details of the dispersed oil spill.

Plate 13 shows the surface appearance of Bay 9 with the surface oil
noving south before being swept back north through the test area (see
Reimer, 1982 foran explanation of the oceanography governing final oil
distribution)

Plate 14 is an underwater photograph of the oil/dispersant plume (W
Cross).  Plate 15 shows the tap at the onshore end of the pipe to allow
regular sanple collection. Plate 16 is a viewinside the “conmand” tent
showing a visual determnation of oil/ water ratios.
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Table 1 Dispersed G| Discharge
August 27, 1981
Fl ow Rat es Ratio
Ti e 0i Vat er Vater/ Q| Comment s
T &/min - -

1310-1410 33.6 200 6 Start Punp
1335-1342 only
oil flow a t
15 ¢ /min

1410- 1510 33.6 200 b

1510- 1610 43.8 200 4.6

1610-1710 47.0 200 4.3

1710- 1830 40 200 5.0

1830- 1935 44 150 3*4

1935-1943 44 210 4.8 Punp St opped

Mean 41 194 4.9

Vol ume Remaining in Tank: 2 drums (recovered)

Drai ned From Pi pe: 1 drum (oil + di spersant + water)

Vol une of Oil/Dispersant Di scharged: 16 ni

Total Tinme of Discharge: 6 hours, 23 mnutes

Q| Tenperature: +3.5°C

VWater Tenperature (Discharge): +2.7°C

Water Tenperature (Ocean) 5 m: +2.54°C

12 m: 2.33°C
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Plate 13  Aerial vi ew of di spersed oil, Bay 9, August 27, 1981.

Plate 14 Underwater view of oil/dispersant enul sion jet plune (Cross).



Plate 15

Plate 16

Sanpling emulsion during discharge.

Checking oil/ water ratio from pipe sanples.
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Figure 4 shows the bottomprofile along the diffuser pipe with tide levels
on August 27 and zone of plugged jets. The same figure al so shows the
cumul ative percent volunme of oil discharged wth distance out from
shore.

In summary, the diffuser system worked extremely well in spite of the
conpl ex nearshore oceanography in Bay 9.

Fol | owi ng the discharge the pipe was retrieved and the oil pool plus liner
burned in situ.

The Bay 11 straight oil discharge system wasconparatively easy in
assenbly and operation conpared with the diffuser pipe. The same
neoprene Arctic petrol eum di scharge hose and positive displacement 3 hp
punp were used to transfer 15 nB of oil fromthe sw nmm ng pool tank
off shore to a noving spill plate. This device was tested while punping
wat er by noving through a wide arc reaching fromthe south to north
transect |ines. However, w nds on August 19, the day of the surface
spill, remained fairly constant fromthe west, allow ng an al nost fixed
position for the spill plate throughout much of the discharge. Figure 5
shows the general |ayout of the Bay 11 oil discharge system Plate 17
shows the oil gushing out of the converted tire float and spilling over

the sides onto the water. Plate 18 shows an aerial view of the oil
streanming east onto the beach at an early stage in the test. Note the
tide is near its high point. Plate 19 is a view near the end of the

di scharge at low tide showing the uniform coating of oil over the entire
beach (Plate 20).
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Sl

Plate 17 0il spill plate in operation.
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plate 1 8 Aerial view of Bay 11, August 19, = 1630 - 45 nmin. after start
of punpi ng.

Plate 19 Aerial view about 2000, 4 hours after punping began.
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Table 2 Flow Rates Bay 11 Surface Spill
August 19, 1981

Tine Flow Rate

1522- 1631 25 I/rein - First Ol Ofshore at 1550
1631-1732 44

1732-1825 39

1825-1925 42

1925- 2037 38

2140 Ended Punpi ng

Total Vol ume Punped: 15 mi (75 druns)
Total Punping Ti nme: 6 hours

Not e: Di scharge continued until water was seen coming out of spill
plate.
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Plate 20 Beach appearance follow ng oil di scharge in Bay 11.

4.0 CONCLUSIONS

Bot h oil di scharge systens were an unqual i fied success. The choice of
light weight alumnumirrigation pine proved to be both strong and
readily transported, without the problems previously gassociated yjth
achieving uniformorifices in plastic tubing (Topham, personal communi ca-

tion).

‘1" he spill plate al though very simple in design acconplished the objective

of uniformy coating the beach.
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UNIVERSITY OF TORONTO
TO rRONTO. CANADA M555 44

DEPARTMENT OF CHEMICAL enGINEERING
AND APPLIED CHEMISTRY

April 6, 1981

Dr. D.E. Thornton

Environnental Energencies Branch
Environmental Protection Service
15th Fl oor

Place Vincent Massey

Otawa, Ontario

K1A 1C8

Dear Dave:
Re: Bl OS

The enmul sion viscosities at 5°Cwere:

Salt water 2.1 centi poi se
1:5 enul sion 3.5 “
1:10 emul sion 3.2 "

W ran the Lago Medio oil through an Ostwald (capillary
U tube) viscometer at O C. The oil had a consistent viscosity
of 440 to 460 cP when run 12 times over 75hours. There was
no wax deposition.

Hope this is O K

Sincerely yours,

D. Mackay
Pr of essor

cc. D.F. Dickins






l * Environment Environnemem
Canada Canada

‘ Ottawa, Ontario
Environmental  Protection de K1A 18
Protection I'environnement

March 20, 1981

Your lde  Votie rélerence

4482:/5 ] Protre reterence
Mr. Dave Dickens
D.F. Dickens Limited
3732 W. Broadway
Vancouver, B.C.
V6R 2C1

Dear Dave,

RE: BIOS Project 0il Discharge

Please find attached some notes and calculations regarding the
0il/dispersant discharge for the BIOS project.

The first set of notes include:

1. An equation for the leakage rate per unit length which is
proportional to the water depth (PI)

2. An equation for the hole positions which will give a leakage
rate proportional to the water depth (P2)

3. A sequential solution to the pipe flow problem (P3-4)

The solution assumes the initial pressure and inflow rate is
set and that the resultant leakage balances the inflow rate. If
it does not, the input pressure (or number of holes, or size of
holes) must be changed and the calculation rerun (and
rerun!...). In the field, we will fix the number, size, and
spacing of the holes and adjust the input pressure to ensure
the flowrate is correct.

4. A BASIC computer program for the numerical calculation (P6-9).

The program runs on the (+$350) Radio Shack TRS-80 pocket
computer. You may wish to purchase one for the extra runs, or
I will run mine using new input parameters if you want.

The second set of notes include a series of (rather rough)
calculations, mostly using the program, regarding the pipe flow problem.

The main points are as follows:

1. It is possible, but not desirable, to discharge the crude
oil/dispersant mixture through 100m, 2 1D, pipe with a slope
of 10m in 100m. (P6). The frictional losses (essentially)
balance the hydrostatic head gain (due to the density
difference between the oil/dispersant and the water). The
balance is not perfect all along the pipe and the flow out of
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different jets will vary by about 30%. The balance, however,
is very delicate and slight changes in oil viscosity, pipe
slope, or water depth could cause severe problems. For
example, changing the oil viscosity by about 50% (from 0.094 to
0.150 PaS) causes such significant head losses that oil stops
flowing out of the holes at about only % way along the pipe
(P8). The only way to accommodate this is to carefully select a
larger pipe size. (Too large a pipe size causes as much
mismatch in frictional loss and hydrostatic head gain as does
too small a pipe). We do not have the luxury of changing pipe

sizes in the field.

A 2* ID horizontal pipe with a centre connection would have
about a 30% flow drop off out of the jets, meaning the pressure
across the jets would fall off by about 60%.

This means the flow rate from the lower-flowing jets would be
very susceptible to variations in pipe height or tidal
fluctuations. In this application, this pipe size is just too
risky. (P7)

A 100m, 3“ ID, horizontal pipe with centre connection could
accommodate the oil/dispersant flow rate without too much
frictional loss (and therefore pressure drop). (P7)

A mixture of oil/dispersant and water in a ratio of 1 to 10
would create too high a flowrate in, and therefore pressure
drop along, a 2“ pipe. (P4). Also the pressure drop of 225,000
Pa (about 2% atmos.) along the 200m x 2“ discharge hose would
necessitate a fairly powerful pump (P1)

A mixture of o¢il/dispersant and water in a ratio of 1 to 5
would be acceptable in either a sloping (P9-11) or horizontal
(centre connection) 3“ ID pipe. In either case the flow drop
off is less than about 10% and the hydrostatic head variation
with water depth is only about 300 Pa/m, so a 2m tidal
variation of about 600 Pa is also less than 10% of the
10,000 - 13,000 Pa pressure difference in the pipe.

For the 200m of 2*“ discharge hose, the pressure drop will be
only about 3/4 atmosphere.

I recommend a 200m x 2 diameter discharge hose leading into
the deepwater end of a sloE1ng 100m x 3“ 1D discharge pipe or
into the centre offaasimmnidRrhorizontal pipe.

IT the pipe is sloping, | suggest we discharge an
oil/dispersant: sea-water 1:5 mixture. About 50 holes 6mm in
diameter at a pressure difference of about 13,000 Pa (0.13
atmos.) should create the correct flowrate. The hole spacing
will be variable and depend on the pipe slope and water depth.
(See my calcul at ions for reasonable values).

.13
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3. If the pipe is horizontal, either a similar mixture (flowrate),
hole number and size (with even spacing) would be acceptable,
or a discharge of oil alone may be OK (with ~40 evenly spaced
3mm holes).

Don Mackay is currently making some measurements OT oil droplet
size distributions for oil/dispersant:water mixtures of 1:5 to 1:10 at a
couple of turbulence levels bracketing the values expected in the pipe. He
will also attempt to check the viscosity of the mixtures (I used 0.002-0.004
PaS in comparison with 0.0017 for cold seawater).

I look forward to hearing from you.

Yours truly,

N
SRR

D.E. Thornton, Ph.D.
Chief
Research and Development Division
Environmental Emergency Branch
Attach.
Ccc. : P.J. Blackall
Don Mackay
S.L. Ross
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00 gph 2 inch self-priming
ntrifugal pump. Supplied
th 2.5 horsepower Briggs &
-atton air cooled engine.
yunted on channel base.
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Cubic Capacity
Capacity and Engine  Inches Gasaline
Rating Discharge Mode! HP RPM Displacement Tank
Briggs &
8,000 2hr. | Stratton | 3 | 3450 7.75 2 Qt
‘G.PH. 80232
DIMENSIONS WEIGHT
Height In. | Width 1ss. | tensthin. | Netih
34 I 13% | 1% | 0,
ST L L&
- PERFORMANCE . . .

The following table gives capacity in gallons per minyte
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Commarcial Annubar FlowfCalculations

rgice 74337
;alog Callout AWR-71
icessed by Em

i Information

“amer PO Mo. ooze

J Type % Name:

1" 8CH BO

Liquid CRUDE OIL

05718781
Annubar Serial Number 74257, 451
Calc. Date. 05/18/81
Calc. Number: 74357.4A

Y, Equation Numper | Liguid == Volume Flow
p—— { @ 12
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= Nyx §x D x L ——— @ = C" x - / h h = ( —= )
\/ G A V w ¢ C7 )
.F
‘ms Whose Value is INDEPENDENT of Flow Condi ti ons:
seviption _ Term  Value  Units
its Conver. Factor N 0.0065969
ivbar Flow Coeff. S 0. 6131
sernal Pipe Diameter D 24.308 mm
me Whose value is DEPENDENT upon Fl ow Conditions:
serdption  ___ _Term  Max Flow =~ Norma 1 = Min Flow uUnits
JWRATE QA &0 Tt Tt LPM
CULATION CONSTANT ¢ 2.57744
ing Temperature T 60 ST ST F
ywing Pressure T 60 ST B PSIG
swing Specific Grav., Gf 0. 860 ---- o
‘FERENTIAL PRESSURE h 542 i R mm H20 e20cC
W
Restrictions: Limiting Component:
lowable Temperature = 250 F aAnnubar Functianal Limit
lowable Pressure @ &OF = 300 PSIG Annubar Functional Limit
lowable D.P. @ &0OF = 762 nm H20e20C
Flow @ AlowableD.P. = 71.15 LPM
sonance Flow Range = 6194 to 9291 LPM




3-31¢t95.2 mm)
(REF]

NOTES

ANNUBAR SENSOR 3/ 16“(4.7 mm) DIA.
FOR PIPE SIZE S! /2" THRU 1 “ NOM.
1/4(6.3mm ) DIA. FOR PIPE SIZES

1-1/4" NOM, AND OVER.

PIPE NIPPLE SECTION- /
316SS (STANDARD) —

teg —————————— 7"(177.8 mm}

2 1/4" gt 2,375 —— o]

7/16" HEX NUT, W/ (1) 316SS
COMPRESSION FERRULE ON A

316SS COMPRESSION FITTING.

HI PRESSURE
CONNECTION ~

‘A'~ PERMANENT RUSTPROOF METAL TAG SHOWING MIN., NORM. & MAX. DESIGN FLOWS. METER
READINGS FOR DESIGN FLOWS, TAG NO., LINE SIZE. SERIAL NO. 8 METERED FLUID.

PROJECT:

LOCATION:

PIPE SIZE . SCHEDULE :
PIPE I.D. : PIPE 0.D. :

OPTIONS- INSTRUMENT FITTINGS:

LO PRESSURE
CONNECTION

{57.1mm) 60.3mm)}
el I A A i A s, 1
PIPE SIZE S
I
Flow > |
ve gy 1 . T

NPT PIPE THREADS -
BOTH ENDS

NOTE ‘A’

J L(?) 174" SAE FLARE X 1/8" FEMALE NPT

BRA SS VALVE SON /8" MALE NPT FITTINGS
(CATALOG #C25)

(OPTION )

Box 9000 « Boulder. Colorado 80306 USA

vol m Cotpa ration

ANNUBAR MODEL AWR-71

APPROVAL LATE 51 EvisIon
i ate Letter D
" ety | 2otor
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oice 74257
alog "Calleut AWR-73 2"
cessed by . BM
Information
"amer PO WNo. 0G28
J Type & Name: Lig

WESCAN BYSTEMS

aAnnubar Serial Number 74387.B. 1
Calc. Date 05/18/81
Calc. Number: 743357.PR

. Equation Number !

Liguig == Velume Flow

f = (@ 2
2 /1 f—— ( A 3
=N xS ¢+ Dx N /7 ——- p C " x \ / h h = ( == 13
NS GF A \V4 w w { C )
ms Whose Value iz INDEPENDENT of Flow Conditions:
cription ________ __Yerm_ ___Vvalue _ Units _______
ts Conver,. Factor N Q. 00465367
ubar Flouw Coef¢. S 0.7095
ernal Pipe D aneter D 52.502 mm
ms Whose Value | S DEPENDENT Upon Flow Conditions:
cription _________ _Term _Max Flow _ Normei_ _ _Mn Flow Units _____
WRATE &A 250 Tt T TTT T LPM
CULATION CONSTANT C’° 12.7114 ----
ing Temperature - 32 i R F
Wi ng Pressure 70 PSIG
wing Specific @Grav. G‘F 1. 030
FERENTIAL PRESSURE +h 387 -t T mm H20 820C
w
Restrictions: Limting Comonent:
owable Tenperature = 280 F Annubar FUnctional Limit
owable Pressure @ 32F = 300 PSIG Annubar Functional Limt
owable D.P., @ 32F = 762 mm H20 @20C
Fl ow @ Alowable D.P. = 350.9 LPM
onance Flow Range = ?919 to 14880 LPM




ANNUBAR SENSOR (316 SS) 1 /416.3mm) DIA. FOR

PIPE SIZES 1- 1/2" THRU2-1/2" NOM., §/16"'(7.9mm)

DIA. FOR PIPE SIZES 3* NOM. AND OVER,7 r ¢ ALL THj CKNESS
= 1

| .

[ '\

PIPE SIZES :

b

- LO PRESSURE
SENSING PORT

N
J

STANDARD MOUNTING HARDWA;Q
1/2" NPT CARBON STEEL WELD COUPLET,
316SS FERRULE .316 §§ COMPRESSION
NUT & 316SS 1/2'" NPT HEX BODY
(CATALOG NO. MO1)

(OPTION : )

6“ (152.4mm}
{REF)

HI PRESSURE
Connection---___"

NOTES

READINGSFORDESIGN FLOWS. TAG NO., LINE SIZE. SERIAL NO. 8 METERED FLUID,

. \DRILL OR BURN ONE 1 {25.4 mm) DIA. HOLE

ANO PROVIDE 1/4" {6 mm) MIN. WELD BEAD
ALIGN TO PIPE AXIS.

78
\(2) 1/4" SAE FLARE X 1/8" FEMALE NPT

LO PRESSURE

BRA SSVALVESON 1/8'" MALE NPT FITTINGS
CONNECTION

ICATALOG #C2%)
{OPTION 3

“'-PERMANENT RUSTPROOF METAL TAG SHOWING MIN. NORM. & MAX. DE SIGN FLOWS, METER

C . of l I :I ﬁ’ Corporation

PROJECT :

LOCATION:

PIPE SIZE . SCHEDULE :
PIPE 1.D. : PIPE 0.D.:

Box 3000 » Boulder. Colorado 80306 USA

OPTIONS- MOUNTING HARDWARE:

INSTRUMENT FITTINGS :

LATESTREVISION
By

NOTES :

ANWBAR MODEL AWR-73
AL
7 ity rm;/.f'/. 79 o o

Drawn b, Checkod by Date Drawn Scale

Zor= |t Tndl30/) 77 | N75

C-9910

Note: Optional saddie mount drawing for AWR 73, C-9940, is available upon request.



